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We report the synthesis and characterization of Sr2YCu3,Mx0,, M = Al, Pb, Fe, and Co, analogues of 
the 92 K superconducting perovskite Ba2YCu30,. While phase-pure Sr2YCu307 cannot be prepared, cation 
substitution for Cu stabilizes this phase. Crystals of these phases were grown from CuO-rich melts containing 
appropriate melt impurities or from lead oxide based melts. Ceramic samples were prepared for detailed 
studies of stability ranges, oxygen content, and property/dopant relationships. For Sr2YCukM,07+d, samples 
with M = A1 or Co have 6 = 0 for all x and 6 > 0 when M = Fe and x = 1. Samples were characterized 
by resistivity and dc magnetic susceptibility measurements. Superconductivity is observed in samples 
with low levels of metal substitution; however, the volume fraction is small (<2%) and cannot be uniquely 
attributed to the perovskite phase. A comparison of solid-state 27Al NMR spectra of Ba- and Sr-based 
perovskites suggest a different A1 environment in these two systems. 

Introduction 

Since the discovery of superconductivity above 77 K in 
BazY C ~ 3 0 7 ~ * ~  a myriad of chemical substitutions have been 
reported. Almost all rare-earth metals can replace Y with 
little change in TCa3-l The copper in both the chain and 
plane sites (Figure 1) has been substituted by other metal 

The exact location of the substituted metals has 
been analyzed by Mossbauer and Raman spectroscopy as 
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Table I. Crystal Growth Parameters and Results 
cooling 

T,,, rate, 
fluxcomp crucible O C  OC/h product 

Sr4Y CuloOz A1203 1050 3-10 Sr2YC~~xAlr07-6 
Sr4Y CulOOr ZrOs 1050 3-10 (Sr,Y)14C~2404~2*33 
Sr4YCul,,Feo,10, ZrOz 1050 8 Sr2YCuS_xFe,074 
SrYPb4Cu20, A1203 1000 10 Sr2YCu3-,Pb,07-6 

Table 11. Summary of Data Aquisition Parameters for 
SrZYCUS-xMx07+6 

M = P b  M = A1 
X 

space group 
a, A 
c, A 
vol, A3 
" 
L 
cryst vol, mm3 
cryst shape 
p ~ a l ~ d ,  g 
linear abs coeff, mm-' 
scan type 
x-' sin 0, limits 
data coll 
unique data 
data with Fo > 2uF0 
no. of variables 
R (F) 
R(F,) 
R(F) for F, > 2uF0 

0.67 
P4 J m m m  
3.814 (1) 
11.303 (2) 
164.4 
1 
0.22 X 0.24 X 0.11 
platelet 
5.64 
32.0 
w-20 
0.0615-0.7049 
1634 
263 
217 
21 
0.067 
0.065 
0.057 

0.61 
P 4  J m m m  
3.832 (1) 
11.902 (5) 
174.8 
1 
0.08 X 0.06 X 0.01 
platelet 
6.07 
41.2 

0.0615-0.7049 
483 
279 
189 
17 
0.108 
0.080 
0.078 

w 

well as by X-ray and neutron diffraction. There is general 
agreement between researchers that at low levels of sub- 
stitution Co, Fe, and A1 substitute on the chain sites8lz1 
while Ni and Zn substitute onto the planes.8*21 Such 
substitutions lower T ,  d r a m a t i ~ a l l y . ~ . ' ~ J ~ * ~ ~  While Sr 
substitution for Ba has been r e p ~ r t e d , ~ ~ - ~ ~  there are con- 
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Figure 1. Structure of Ba2YCu3O1 showing Cu-0 chains and 
planes. 

flicting data as to the extent of the solid solution 
Ba2-ySryYC~307-d. The synthesis of pure Sr2YCu307 has 
been ~ l a i m e d , ~ ~ - ~ ~  although others report that the solid 
solution extends only to B~.eSr,.2YCu307-d.22-24 We have 
been unable to prepare Sr2YCu307, but we have found that 
the phase is stabilized by a variety of metal ions substi- 
tuted for copper. In this paper, we report the preparation 
of perovskite phases of the formula Sr2YCu,M,07, where 
M = Al, Fe, Co, and Pb, as both ceramics and single 
crystals. The synthesis of a similar phase in the Sr-Y- 
Pb-Ca-Cu-0 system has recently been reported.28 We 
show that metals substituting on the Cu chain sites can 
stabilize the perovskite phase and that a t  low levels of 
metal incorporation the samples are superconductors. The 
physical properties and oxygen stoichiometry of these 
materials are discussed. 

Experimental Section 
Crystals were grown from copper oxide rich fluxes similar to 

those employed in the growth of Ba2YCu30pB Strontium cup- 
rate-copper oxide based melts melt somewhat higher than the 
barium analogues. Melt compositions and growth conditions are 
listed in Table I. Copper oxide, strontium carbonate, and yttrium 
oxide mixtures plus the appropriate metal oxide were ground 
together and placed in high-density A1203 or ZrOz crucibles. 
Samples were rapidly heated to Tmm, then slow cooled a t  rates 
of 5-25 "C/h  to a temperature below the temperature of melt 
solidification, here ~ 9 5 0  "C. Ceramic samples were prepared by 
standard ceramic techniques using Ba(N03)2, CuO, YZO3, PbO, 
Coco3,  NiO, FepO3, ZnC03, and A1(N03)3.9H20 as starting ma- 
terials. Typical sample preparation involved several cycles of 
grinding and firing a t  950-1050 "C with a final anneal in flowing 
O2 a t  500 "C. 

Single-crystal X-ray diffraction data were collected on an 
Enraf-Nonius CAD4 diffractometer with graphite-monochromated 
Mo K a  radiation. All subsequent calculations were carried out 
using the NRCVAX structure package.% An analytical absorption 
correction was applied, and equivalent reflections were averaged. 
Details of data collection and analysis parameters are given in 
Table 11. 
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Figure 2. Temperature dependence of the resistivity normalized 
to the room-temperature value for samples in the series SrBaY- 
Cu3,Alr07. 

The  solid-state 21A1 NMR spectra were obtained in a 7.05-T 
field (78.2 MHz) a t  room temperature by using a 90,-~-180, 
spin-echo pulse sequence for the I f 2  - transition; the 90" 
pulse length is ==2p and 7 is 2 0 ~ .  The spectrum of the 'I2 - 3/2  
and the -ll2 - 3/2  transitions were observed in a large sample 
of composition Sr2YCu2A107 by stepping through a frequency 
range of 2.5 MHz with a narrow-band excitation. 

Thermal gravimetric analysis studies were carried out by using 
a Du Pont Model 1090 analyzer. Oxidation-state titrations were 
performed by dissolving the sample in an  acidified solution of 
KI and back titration of the iodine formed.31 Resistivity mea- 
surements were made in either van der Pauw or four-point con- 
figuration using an ac constant-current source and phase-sensitive 
detection. 

Results 
Conflicting reports as to the range of the solid solution 

in BaZrSryYCu3O7 have some researchers claiming that 
this solid solution extends to Sr2YC~3072"27 while others 
find that 0 5 y 5 l.2.22p23 In investigating the 
Ba2-ySryYCu307 system, we find that the solid solution 
extends only to y = 1.2, in agreement with other work- 
e r ~ . ~ ~ , ~ ~  Our attempts to prepare Sr2YCu307 yielded in- 
stead a new phase in the Sr-Y-Cu-0 system; (Sr,Y)14- 
Cu24041, a layered structure type containing distorted 
Cu-0 chains and  plane^.^^^^^ During crystal growth in 
alumina crucibles a second new phase containing Sr-Y- 
Cu-0 was isolated. Energy-dispersive X-ray analysis in- 
dicated the presence of A1 in these samples, and X-ray 
diffraction studies suggested a cell similar to Ba2YCu307 
( a  = b = 3.84, c = 11.28 A). 

To gain insight into the role of metal substitution in the 
stabilization of Sr perovskites, the system BazTY- 
SrYYCu3-,A1,O7 was investigated. We find that as y in- 
creases beyond 1.2, the addition of A1 will stabilize the 
perovskite structure. At x = 0.4 the perovskite structure 
is stable t o y  = 2. A detailed look a t  the system BaSrY- 
Cu3,A1,07 indicates that increasing x reduces T, and 
broadens the superconducting transition. Figure 2 shows 
the resistivity as a function of temperature for several 
samples in this series. 

In addition to aluminum, we have found other metals 
that stabilize the tripled perovskite structure of Sr2YCu307. 
To date, compounds of composition Sr2YCu3_,M,O7 with 
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Stront ium Analogues of Barium Perouskites 

Table 111. Crystallographic Data for ~ r z Y C ~ z . J J A ~ 0 . 6 7 0 6 . ~ a  
atom x y 2 Bi,,, A2 occupancy 

Y l/2 l/2 l / 2  0.80 (5) 
Sr ' 1 2  ' 1 2  0.1926 (2) 1.66 (5) 

Cu(1) 0 0 0 3.19 (20) 0.33 (4) 
A1 0 0 0  3.19 (20) 0.67 (4) 
Cu(2) 0 0 0.3508 (2) 0.88 (10) 
O(1) 0 0 0.151 (2) 4.2 (7) 
O(2) 1 /2  0 0.3727 (9) 1.3 (3) 
O(3) 0 ' 1 2  0 10.4 (60) 0.63 (6) 

Tetragonal lattice (oxygen annealed), space group P4/mmm, Q 

= 3.814 (1) A, c = 11.303 (2) A, Z = 1; 1634 reflections measured, 
263 unique, RF = 0.067. The estimated standard deviations (in 
parentheses) refer to the last digit printed. 

Table Iv. Crystallographic Data for SrzYCuz.~sPbo.6~06a 
atom x .y 2 Bin", A2 occupancy 
Sr 1/2 1/2 0.2084 (3) 0.92 (9) 
Y l / 2  l / 2  l / 2  0.4 (1) 
Cu(1) 0 0 0 2.4 (1) 0.39 (5) 
Pb 0 0 0  2.4 (1) 0.61 (5) 
Cu(2) 0 0 0.3599 (4) 0.5 (1) 
O(1) 0 0 0.166 (4) 2.9 (8) 
O(2) 1/2 0 0.374 (2) 0.8 (3) 

4Tetragonal lattice (as grown), space group P4/mmm, Q = 3.832 
(1) A, c = 11.902 (5) A, Z = 1; 483 reflections measured, 279 uni- 
que, RF = 0.11, 

M = Pb, Co, Fe, and A1 have been prepared as single 
crystals or as bulk ceramics. The effects of metal sub- 
stitution on the crystal growth, lattice parameters, oxygen 
stoichiometry, and physical properties of strontium cuprate 
perovskites has been investigated. 

Crystal Growth and Structure. Crystals of Pb-, Fe-, 
and Al-doped samples have been grown from CuO-rich 
melts containing appropriate melt impurities or from lead 
oxide based melts. The conditions and results of several 
crystal growth experiments are summarized in Table I. For 
Pb  and A1 samples, single-crystal X-ray diffraction studies 
indicate the same metal atom arrangement as Ba2YCu3O7 
with Pb  or A1 substituting for the chain copper atoms 
(Figure 1). Unfortunately, the X-ray experiment is not 
sensitive to the placement of oxygen atoms around the 
substituted metals or to the possibility of Sr-Y site dis- 
order. The former is due in part to a high degree of cor- 
relation between the occupancy of O(3) and M sites. In 
the case of Pb, addition of electron density at O(3) resulted 
in a large thermal parameter for this site and no im- 
provement in the overall refinement. This refinement is 
in general agreement with an isostructural compound in 
the Sr-Y-Ca-Pb-Cu-0 system28 as concerns the metal 
atom positions. Single-wavelength X-ray experiments are 
also unable to differentiate between Fe or Co and Cu, 
although by analogy with the Ba2YCu307 system8V2l we 
assume they also occupy the chain copper site. The results 
of the X-ray refinements for Pb- and Al-containing crystals 
are given in Tables I11 and IV. 

Lattice Parameters. In ceramic samples, the strontium 
yttrium cuprate perovskite Sr2YCu3-,M,07 is found to be 
stable for M = Al, Co, Fe, and Pb. Lattice parameters for 
single-phase samples were determined by least-squares 
refinement of a t  least 10 reflections between 5 and 65' 26 
(Cu Ka).  A summary of the lattice parameters for these 
samples is given in Table V. Attempts to prepare Zn- and 
Ni-substituted samples have been unsuccessful. For Al, 
single-phase ceramic samples of composition 
Sr2YCu3-,A1,07, 0.4 5 x < L O ,  have been prepared. At- 
tempts to prepare samples with smaller values of x result 
in multiphase samples as determined by X-ray powder 
diffraction. All samples exhibit tetragonal symmetry with 
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Table V. Lattice Parameter, Stoichiometry, and Resistivity 
Data for Sr2YCu3-rM107+b 

M x  a. A c. A 
A1 0.4 

0.5 
0.6 
0.7 
0.8 
0.9 
1.0 

Fe 0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 

Co 0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 

Pb 0.5 

3.830 (3) 
3.832 (2) 
3.842 (3) 
3.848 (2) 
3.851 (2) 
3.865 (4) 
3.867 (2) 
3.806 (1) 
3.807 (2) 
3.815 (4) 
3.827 (4) 
3.822 (3) 
3.823 (3) 
3.82( (3) 
3.820 (3) 
3.825 (2) 
3.833 (2) 
3.837 (4) 
3.837 (2) 
3.844 (3) 
3.846 (3) 
3.836 (3) 

11.344 (8) 
11.316 (7) 
11.298 (8) 
11.279 (5) 
11.242 (6) 

11.142 (5) 
11.410 (2) 
11.402 (7)  
11.376 (11) 
11.380 (10) 
11.356 (8) 
11.363 (9) 
11.365 (9) 
11.454 (7) 
11.472 (5) 
11.471 (6) 
11.461 (11 
11.433 (6) 
11.438 (8) 
11.426 (9) 
11.857 (7) 

11.212 (9) 

V 
166.4 
166.1 
166.8 
167.0 
166.7 
167.5 
166.6 
165.3 
165.3 
165.6 
166.7 
165.9 
166.1 
166.3 
167.1 
167.8 
168.5 
168.7 
168.3 
169.0 
169.0 
174.5 

60 

-0.12' 
-0.08' 
-0.03' 
-0.04' 
-0.14' 
-0.06' 
0.06' 

-0.28' 
-0.21' 
-0.12t 
-0.05' 
+0.02' 
+0.06t 
+0.12t 
-0.23' 
-0.05' 
-0.07' 
-0.08' 
-0.10' 
-0.06' 
+0.02' 
-0.13' 

prt, Q cm 
0.059 
0.040 
0.055 
0.099 
0.31 
1.20 
3.75 
0.0108 
0.0102 
0.0277 
0.0125 
0.0146 
0.0709 
0.119 
3.741 
0.0281 
0.0446 
0.165 
0.764 
2.82 

0.262 
35.7 

t, value determined by titration. r, value determined by re- 
duction. 

0.2 0.4 0.6 0.8 1.0 
X 

Figure 3. Lattice parameters as a function of composition for 
samples in the series S ~ , Y C U ~ - ~ M , O ~ ,  M = Co, Fe, Al. Similar 
data for Ba2YCuhAl,O7 (from ref 8) are included for comparison. 

a increasing and c decreasing with increasing x as shown 
in Figure 3. The net result is a very slight increase in cell 
volume (=l A3). Solid solutions with M = Fe and Co 
exhibit similar solid solution limits to the A1 system. In 
general, substitution of a t  least 40% of the chain site 
copper is necessary to obtain single-phase perovskite ma- 
terials, and up to one Cu can be replaced. Small impurity 
peaks in powder X-ray diffraction experiments are ob- 
served if lower dopant levels are attempted, although a 
large fraction of the perovskite phase if formed. Unlike 
the A1 system, increased Co or Fe substitution causes only 
a slight decrease in the c parameter, although a significant 
change in a does occur. The effect is a larger change in 
cell volume in the case of Co than is observed for Al. A t  
equal levels of substitution (e.g., x = 0.4) the a axis in- 
creases in the order Fe C Co < Al. The c axis is shortest 
when M = A1 with Co > Fe (Figure 3). For the larger Pb  
ion, single-phase samples are obtained only for 0.5 I x 10.7 
where a = 3.836 (3) A and c = 11.856 (7 )  A (Table V). 
Samples prepared at higher temperatures for longer times 
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707=1 ---------- 

6 9 t  

8. 

6 4 c  

3 '  2;O 4d0 600 8 h O  1000 

TEMPERATURE ( "C)  

Figure 4. Thermogravametric analysis data for Ba2YCu307, 
SrBaYCus07, and Sr2YCu2,3Ab,707 in an O2 atmosphere. 

are single phase at  higher dopant levels (3c = 0.7). Other 
recent results indicate that the replacement of Y with Ca 
allows for the stabilization of the perovskite at  lower P b  
doping.28 The cell volume for Sr2YCu3-,Pb,OY is actually 
greater than in Ba2YCu307. 

Oxygen Stoichiometry. Oxygen stoichiometries have 
been determined by either titration (t) or reduction in 
H2/N2 (r). Previous work on the Ba-Y-Cu-M-0 system 
has shown that the reduction method gives values in good 
agreement with those obtained in neutron diffraction 
studies, while the oxidation-state titrations give an un- 
derestimate of the oxygen content in heavily doped ma- 
terials? The oxygen stoichiometries for Sr2YCu3-,M,OY 
samples determined by these two methods are given in 
Table V. These samples were heated in flowing oxygen 
a t  500 "C for a t  least 2 h to ensure maximum oxygen 
incorporation. For SrzYCu3,AlXOy both TGA and oxida- 
tion-state titrations indicate that y = 7 for all compositions. 
Furthermore, the oxygen variability with temperature is 
much less than that in Ba2YCu307. For example, the 
compound Sr2YCu2,2Al,,807 is stable in N2 only to 06.9, a t  
which point decomposition occurs. In addition, the degree 
of oxygen loss in an oxygen atmosphere to 1000 "C is very 
slight. For samples heated to 1000 OC in oxygen, the re- 
versible oxygen loss is greatest for Ba2YC~307d (a = 0.7), 
less for B ~ S ~ Y C U ~ O ~ - ~  (6  = 0.5), and the least for 
SrzYC~2.3Ab74 (6 = 0.1) (Figure 4). The degree of oxygen 
loss in Ba2YCu307 is also decreased by aluminum sub- 
stitution.* Like the A1 samples, heating Sr2YCu2Co0, in 
oxygen to 950 "C leads to a negligible change in the oxygen 
content (y = 6.97) and reduction indicates that y = 7 in 
the fully oxidized material. This is in contrast to 
Ba2YCu2Co0,, where y i= 7.4.8 Surprisingly, the Fe-sub- 
stituted samples exhibit a behavior different from the Co- 
and Al-substituted samples. Oxidation-state titrations 
indicate a stoichiometry of Sr2YCuzFe07.12 in the fully 
substituted material. When Sr2YCu2FeOy is heated in 
oxygen, weight loss occurs above 400 "C, and by 1000 "C 
the oxygen content has been reduced to y = 6.8. This 
behavior is very similar to Ba2YCuzFeOy.8 

Solid-state nAl NMR Spectroscopy. Figure 5 shows 
the 27Al NMR spectra of three samples with compositions 
Sr2YCu2A107, Sr2YCu2.4A&.607, and BazYCu2.&.207. The 
spectrum of Sr2YCu2A107 appears to be a superposition 
of the spectra from sites with a large coupling constant, 
similar to that of Sr2YCuz.4Ab,60,, and a small amount of 
intensity from sites with a smaller coupling. Ignoring the 
contribution of the component with the smaller coupling, 
comparison of the spectra for the different transitions gives 
a coupling constant of =9.7 MHz and an asymmetry pa- 
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Figure 5. Room-temperature nAl spectra for the 1/2 - -1/2 NMR 
transition at 78.2 MHz for three aluminum-substituted cuprate 
perovskites. 
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Figure 6. Normalized resistivity data for Sr2YCu3-,A1,07, x = 
0.4, 0.6, and 0.8. The inset shows magnetic behavior of Sr2Y- 
Cu2A107 at low temperatures. 
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Figure 7. Normalized resistivity data for Sr2YCu2.sCoo,n07 and 

rameter less that 0.15 for the broad component of Sr2Y- 
Cu2A1O7. The spectrum of Sr2YCuz.4A10,607 corresponds 
to a slightly larger coupling constant and probably the 
same symmetry. Close examination of this spectrum shows 
that it too contains a small contribution from the narrower 
line. The spectrum of Ba2YCu2.8Alo.207 has a notably 
different line shape than the two strontium-based samples 
and does not exhibit the broadened cusps expected for a 
narrow distribution of site geometries, as is observed in 
the strontium samples. 

Physical Properties. The resistivity and magnetic 
susceptibility of several metal-stabilized Sr perovskites are 
given in Figures 6-8. A summary of room-temperature 
resistivities is given in Table V. In the cme of Al, resistivity 

Sr2YCu2.6C00.407* 



Strontium Analogues of Barium Perovskites Chemistry of Materials, Vol. 1, No. 3, 1989 335 

and Sr systems. For Ba2YCu2MOy, y > 7 for M = Co and 
Fe while in the Sr system y = 7 for Co and A1 and y > 7 
only for Fe. The presence of only seven oxygens in both 
Sr2YCu2A107 and Sr2YCu2Co07 suggests that both A1 and 
Co are in a four-coordinate site. Oxide compounds con- 
taining both A1 and Co ions in tetrahedral sites, including 
L a s r C ~ A 1 0 ~ ~ ~  and S S ~ C O F ~ O ~ , ~ ~  are known. This coor- 
dination geometry is consistent with the TGA data that 
indicate that the oxygen atoms are tightly bound in these 
two phases. While the solid-state nAl NMR spectra cannot 
unambiguously identify a tetrahedral geometry, the spectra 
are characteristic of a site with a 3-fold or higher symmetry 
axis and rather large distortion of the structure along this 
axis. Since broadening of the spectra in these samples 
almost certainly results from variation of the quadrupole 
coupling parameters from site to site, S ~ , Y C U ~ . ~ A ~ ~ , ~ O ~ ,  
which shows the least broadening, represents the most 
homogeneous crystal lattice. Results also suggest that 
Ba2YCu2.8Al,,207 contains A1 in a variety of environments. 

In the Fe-containing samples, the presence of more than 
seven oxygen atoms in highly substituted compounds 
would suggest a coordination number greater than four. 
A coordination number greater than four has been pro- 
posed for Ba2YCu3-,M,0y compounds.8 The different 
physical properties observed for different dopants may also 
be linked to changes in coordination geometry in the chain 
metal sites. In particular, the eventual loss of supercon- 
ductivity in these systems may correspond to a rear- 
rangement of the oxygen sublattice. 

From the trends observed in room-temperature resis- 
tivities, it is clear that increasing the dopant concentration 
increases resistivity. Clearly, as the dopant level is reduced, 
the samples change from semiconducting to semimetallic 
or superconducting. Samples near the limit of phase 
stability, Le., x = 0.4, have anomalously high resistivities, 
which is likely due to impurities not apparent in X-ray 
powder diffractograms. These trends suggest that a fur- 
ther reduction in dopant level, if possible, would further 
decrease p and enhance superconductivity. 

In conclusion, we find that in the Sr-Y-Cu-0 system, 
the perovskite phase is stabilized by metals that substitute 
on chain copper sites. Nickel or zinc, which are believed 
to substitute on plane sites in BazYC~307.8,21 do not sta- 
bilize the perovskite phase. Also, as Al, Fe, Co, and Pb 
all stabilize the perovskite phase, this stabilization is clearly 
not solely a size effect. The exact origin of this stabilization 
is still uncertain. Possible causes include structural 
changes or a change in the electronic structure. Further 
work is needed to fully understand this stabilization. We 
note the addition of another atom to the Sr-Y-Cu-0 
system greatly increases its complexity but provides for 
the occurrence of a structural arrangement conducive to 
superconductivity. 
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Figure 8. Normalized resistivity data  for SrzYCua-zFe,07, r = 
0.3,0.4, and 0.5. The  inset shows susceptibility data  (0-100 K) 
for a sample with x = 0.35. 

measurements show semiconducting of semimetallic ba- 
havior for all ceramic samples. Representative curves are 
shown in Figure 6. With the exception of the sample with 
x = 0.4, the room-temperature resistivity decreases with 
decreasing A1 content as seen in Table V. The higher p 
observed for the x = 0.4 sample is probably due to im- 
purities as this feature is observed with all metals close 
to the limits of phase stability. Magnetic measurements 
on aluminum-substituted samples that are electronically 
semiconducting show behavior consistent with antiferro- 
magnetism. For Sr2YCu2A107, a Nee1 temperature of 11 
K was observed (Figure 6). For Fe- and Co-stabilized 
perovskites, samples with low levels of metal incorporation 
are superconducting, although for Co this is only the case 
is multiphase samples (Figures 7 and 8). At higher doping 
levels, superconductivity is lost and samples show semi- 
metallic behavior. The highest T, is observed for Sr2Y- 
C U ~ . ~ F ~ ~ . ~ ~ ~  with Tconeat = 60 K and R = 0 a t  10 K. Su- 
perconductivity in one Fe-substituted sample (x = 0.35) 
was confirmed by dc susceptibility measurements using 
a SQUID magnetometer but indicated only a 2% super- 
conducting fraction (Figure 8). Such a small fraction could 
be attributable to an impurity phase. In all cases, these 
properties are reproducible in separate sample prepara- 
tions. 

Summary 
Single-crystal diffraction shows that the metal atom 

positions in Sr2YC~3-xMxOy are the same as in Ba2YCu30, 
with the M ions substituting predominantly on the chain 
copper site. In Ba2YCu3,MxOy it has been proposed that 
the M ions replace the four-coordinate chain coppers while 
simultaneously introducing extra oxygen into the struc- 
ture.8 This results in a coordination number greater than 
four for the M ion and y > 7. It should be noted that full 
replacement of the chain Cu by an octahedral ion would 
lead to a stoichiometry Ba2YCu2M08. In Ba2YCu2Co07,4 
the extra oxygen is coordinated to the Co ion.8 

The behavior of the Sr system is quite different than 
the Ba system just described. For a given dopant level 
(e.g., 0.4) the a axis in the Sr system varies as Fe < Co < 
Al while in the Ba system A1 < Co = Fe.8 The latter order 
would be expected from a size effect since the A1 ion is 
smaller than Fe or Co. The larger a axis in the case of A1 
and Co may also be caused by a difference in coordination 
geometry of these two ions. The degree of oxidation in the 
fully substituted compounds is also different for the Ba 
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